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R[F^ > 2a(F^)] = 0.045 

wR(F^) = 0.118 

5 = 1.05 

4447 reflections 

240 parameters 

1 restraint 

H atoms treated by a mixture of 
independent and constrained 
refinement 
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Apmin = -0.33 e A"=' 

Absolute structure: Flack 

parameter determined using 1610 
quotients (Parsons et at, 2013) 
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0.04 (6) 
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Key indicators: single-crystal synchrotron study; T = 1 50 K; mean cr(C-C) = 
R factor = 0.045; wR factor = 0.1 18; data-to-parameter ratio = 18.5. 



In the title molecule, C21H20N2O2S, the dihedral angle 
between the mean plane of the carbazole ring system 
[maximum deviation = 0.021 (4) A] and the benzene ring is 
80.15 (6)°. In the crystal, molecules are linked by N— H- ■ -O 
and weak C— H- ■ -O hydrogen bonds into a C(8) chain along 
[001]. 

Related literature 

For a related structure, see: Lai et al. (2014) For the synthesis, 
see: Abdel-Magid et al. (1996); Hallberg et al. (1982). For 
hydrogen bond graph-set notation, see: Bernstein et al. (1995). 



Table 1 

Hydrogen-bond geometry (A, °). 




SO2CH3 



Experimental 

Crystal data 

M, = 364.45 
Orthorhombic, Pna2^ 
a = 15.061 (3) A 
b = 21.992 (4) A 
c = 5.437 (1) A 
V = 1800.9 (6) a' 

Data collection 

Bruker APEXII diffractometer 
Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
= 0.635, r„„ = 0.746 



Z = 4 

Synchrotron radiation 
X = 0.7749 A 
jLt = 0.21 mm^' 
r= 150 K 

0.13 X 0.01 X 0.01 mm 



21673 measured reflections 
4447 independent reflections 
3950 reflections witli / > 2o-{/) 
= 0.094 



D-H-A 




D- 


-H 


H---A 


D---A 


D-H---A 


N2-mN2- - 


■02' 


0.8; 


8(4) 


2.16 (4) 


3.012 (3) 


164 (3) 


C21-H21B- 


■ 01" 


0.9; 


8 


2.31 


3.281 (4) 


171 



Symmetry codes: (i) — .v, — v + 1, z + ^: (ii) x, y, z + 1. 

Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT 
(Bruker, 2013); data reduction: SAINT; program(s) used to solve 
structure: SHELXS20I3 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2013 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al, 
2006); software used to prepare material for publication: WinGX 
(Farrugia, 2012). 

Crystallographic data were collected through the SCrALS 
(Service Crystallography at Advanced Light Source) program 
at the Small-Crystal Crystallography Beamline 11.3.1 at the 
Advanced Light Source (ALS), Lawrence Berkeley National 
Laboratory. The ALS is supported by the US Department of 
Energy, Office of Energy Sciences Materials Sciences Divi- 
sion, under contract DE-AC02-05CH11231. We thank Dr 
Jeanette Krause of the University of Cincinnati and Dr Allen 
G. OUver of the University of Notre Dame for the data 
collection. 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: LH5693). 
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N-[2-(9H-Carbazol-9-yl)ethyl]-4-(methylsulfonyl)aniline 
Hongshan Lai^ Judith C. Gallucci and Chenglong Li 

1 . Comment 

Carbazole based compounds are important in drag discovery. As part of our ongoing effort to develop bioactive carbazole 
compounds (Lai et al., 2014), herein we report the crystal structure of the title compound (1). Compound (1) was obtained 
by reductive amination of carbazole-9-acetaldehyde through a direct procedure from Abdel-Magid et al (1996). 
Carbazole-9-acetaldehyde was synthesized according to the method of Hallberg et al. (1982). The molecular stracture of 
(I) is shown m Fig. 1. A portion of the unit cell shown in Fig. 2 illustrates how the molecules are linked by strong 
intermolecular N — H - 0 hydrogen bonds. These hydrogen bonds form a one-dimensional chain along [0 0 1] with a 
graph set descriptor of C(8) (Bernstein et al., 1995). 

2. Experimental 

All chemicals used were purchased from commercial sources and used without further purification. Carbazole-9- 

acetaldehyde (2.09 g, 10 mmol) and 4-(methylsulfonyl)aniline (1.71 g, 10 mmol) were mixed in 1,2-dichloroethane (35 
ml), followed by the addition of sodium triacetoxyborohydrate (2.97 g, 14 mmol). The reaction mixture was stirred at 
room temporature under a N2 atmosphere for 12 h and then quenched by aqueous saturated NaHCOs. The resulted 
mixture was extracted with EtOAc, dried (MgS04) and concentrated to give the crade product as nearly colorless oil, 
which was ftirther purified by column chromatography (Hexane/EtOAc 1/1) to provide white solid (2.89 g, 79%). This 
solid was characterized by NMR to be the title compound. Crystals were grown from MeOH/H20 (50: 1 v/v) solution by 
slow evaporation. 

3. Refinement 

For the methyl group, the hydrogen atoms were added in calculated positions using a riding-model with C — H = 0.98 A 
and U(H) = 1.5C/eq(C). The torsion angle, which defines the orientation of the methyl group about the C — S bond, was 
refined. The hydrogen atom bonded to N2 was refined isotropically. The rest of the hydrogen atoms were included in the 
model m calculated positions usmg a ridmg-model with C — H = 0.95 to 0.99 A and U(H) = 1.2C'eq(C). 

Computing details 

Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT (Braker, 2013); data reduction: SAINT (Bmker, 2013); 
program(s) used to solve stracture: SHELXS2013 (Sheldrick, 2008); program(s) used to refine stracture: SHELXL2013 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farragia, 2012) andMercury (Macrae et al., 2006); 
software used to prepare material for publication: WinGX (Farmgia, 2012). 
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Figure 1 

The molecular structure of (I) with displacement ellipsoids drawn at the 50% probability level (arbitrary spheres for the H 
atoms). 




Figure 2 

Crystal packing of (I) showing a portion of the unit cell emphasizing intennolecular N — H - 0 hydrogen bonds (dotted 
lines). Hydrogen atoms, except H(1N2), are omitted for clarity. 



/V-[2-(9H-Carbazol-9-yl)ethyl]-4-(methylsulfonyl)aniline 



Crystal data 

C21H20N2O2S 
M,= 364.45 
Orthorhombic, Pnali 
Hall symbol: P 2c -2n 
fl= 15.061 (3) A 
Z> = 21.992 (4) A 
c = 5.437 (1) A 



V= 1800.9(6) A3 
Z = 4 

7^(000) = 768 

Z)x= 1.344 Mgm-3 

Synchrotron radiation, I = 0.7749 A 

Cell parameters from 5294 reflections 

61 = 2.5-30.9° 
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H = 0.21 mm ' 
T= 150K 

Data collection 

BrukerAPEXII 
difiractometer 
Radiation source: synchrotron 
Si-<111> channel cut crystal monochromator 
CO scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
7U = 0.635, r™x = 0.746 

Refinement 

Refinement on P- 
Least-squares matrix: full 

> 2a{py[ = 0.045 
wi?(i^) = 0.118 
S= 1.05 
4447 reflections 
240 parameters 
1 restraint 
0 constraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difierence Fourier 

map 

Special details 

Experimental. Intensity data were collected at 150 K on a D8 goniostat equipped with a Bruker APEXII CCD detector at 
Beamline 1 1 .3 . 1 at the Advanced Light Source (Lawrence Berkeley National Laboratory) using synchrotron radiation 
tuned to a wavelength of 0.7749 Angstroms. For data collection, frames were measured for a duration of 1 second using 
omega scans with a frame width of 0.3 degrees out to a maximum 2theta value of about 60 degrees. The data frames were 
collected using the program APEX2 and processed using the program S<4/A^r within APEX2. The data were corrected for 
absorption and beam corrections based on the multi-scan technique as implemented in SADABS. 
Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance mafrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal sjmunetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. For the methyl group, the hydrogen atoms were added at calculated positions using a riding model with 
U(H) = 1.5 * L'eq(bonded carbon atom). The torsion angle, which defines the orientation of the methyl group about the C- 
S bond, was refined. The hydrogen atom bonded to N(2) was refined isotropically. It is involved in an intermolecular 
hydrogen bond with atom 0(2). The rest of the hydrogen atoms were mcluded in the model at calculated positions using 
a riding model with U(H) = 1 .2 * i/eqO^onded atom). 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 
X y z Uho*/Ucq 



CI 0.1214(2) 0.82284(13) 0.0581 (6) 0.0327(6) 

C2 0.0477(2) 0.84713 (15) 0.1764(7) 0.0399(7) 

H2 0.0219 0.8276 0.315 0.048* 

C3 0.0132(2) 0.90105 (14) 0.0840(10) 0.0506(9) 

H3 -0.0374 0.9187 0.16 0.061* 

C4 0.0514(3) 0.92970(16) -0.1175(9) 0.0539(11) 



Needle, colorless 
0.13 X 0.01 X 0.01 mm 



21673 measured reflections 
4447 independent reflections 
3950 reflections with /> 2a(I) 
Rm = 0.094 

^max = 31.1°, ^min ~ 1.8° 

A = -20^19 
A: =-29^29 
I = -1^1 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[o^(Fo2) + (0.0448P)2 + 0.0604P] 

where /'=(F„2 + 2F/)/3 
(A/ff)„,,< 0.001 

Apmax=0.21 e 

Apmn = -0.33 e A"3 

Absolute structure: Flack parameter determined 
using 1610 quotients [(/^)-(/)]/[(/^)+(/)] 
(Parsons et al, 2013) 

Absolute structure parameter: 0.04 (6) 
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U.UUlD (lU) 




V. vZ It- I i Z I 


U.uH-UO ^, J^o^ 


0 C\'\C\f^ (\A\ 

\J.\jC>\j\j \ ^^) 


—0 0097 n 9^ 


0 00^9 {\ 1 ^ 


—0 0094 (\ 'W 


Nl 


0.0343 (12) 


0.0285 (11) 


0.0320 (13) 


-0.0062 (9) 


-0.0019(12) 


0.0060(11) 


N2 


0.0258 (11) 


0.0275 (11) 


0.0266 (12) 


-0.0027 (9) 


-0.0041 (10) 


0.0058 (10) 


01 


0.0463 (13) 


0.0475 (14) 


0.0214(11) 


-0.0148 (10) 


-0.0013 (10) 


-0.0018 (9) 


02 


0.0349 (11) 


0.0261 (10) 


0.0414(12) 


-0.0012 (8) 


0.0067 (9) 


-0.0009 (8) 


S 


0.0255 (3) 


0.0285 (3) 


0.0210(3) 


-0.0031 (2) 


0.0026 (3) 


-0.0023 (3) 



Geometric parameters (A, °) 



CI— C2 


1.389 (5) 


C13— H13A 


0.99 


CI— Nl 


1.391 (4) 


C13— H13B 


0.99 


CI— C6 


1.408 (5) 


C14— N2 


1.454(4) 


C2— C3 


1.388 (5) 


C14— H14A 


0.99 


C2— H2 


0.95 


C14— H14B 


0.99 


C3— C4 


1.388 (7) 


C15— N2 


1.369(4) 


C3— H3 


0.95 


C15— C16 


1.406 (4) 


C4— C5 


1.377 (7) 


C15— C20 


1.414 (4) 


C4— H4 


0.95 


C16— C17 


1.386(4) 


C5— C6 


1.404 (5) 


C16— H16 


0.95 


C5— H5 


0.95 


C17— C18 


1.392 (4) 


C6— C7 


1.443 (5) 


C17— H17 


0.95 


C7— C8 


1.399 (5) 


C18— C19 


1.395 (4) 


C7— C12 


1.405 (5) 


C18— S 


1.751 (3) 


C8— C9 


1.376 (5) 


C19— C20 


1.377 (4) 


C8— H8 


0.95 


C19— H19 


0.95 


C9— CIO 


1.403 (6) 


C20— H20 


0.95 


C9— H9 


0.95 


C21— S 


1.760 (3) 


CIO— Cll 


1.389 (5) 


C21— H21A 


0.98 


CIO— HIO 


0.95 


C21— H21B 


0.98 


Cll— C12 


1.394 (5) 


C21— H21C 


0.98 


Cll— HI 1 


0.95 


N2— H1N2 


0.88 (4) 


C12— Nl 


1.393 (4) 


01— S 


1.444(2) 


C13— Nl 


1.453 (4) 


02— S 


1.449 (2) 


C13— C14 


1.524(4) 






C2— CI— Nl 


129.0 (3) 


N2— C14— C13 


109.4 (2) 
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C2 — CI — Co 


122.5 (3) 


Nl — CI — C6 


1 AO C /O \ 

108.5 (3) 


C3 — C2 — CI 


117.4 (4) 


C3 — C2 — H2 


121.3 


Cl — C2 — H2 


121.3 


C4 — C3 — C2 


YIX.L (4) 


A /"^T TTT 

L4 — C3 — H3 


1 1 A >l 

119.4 


TT1 

Cz — C3 — Hi 


1 1 A /I 

119.4 


C5 — C4 — C3 


121.3 (3) 


C5 — C4 — H4 


1 1 A T 

119.3 


C3 — C4 — H4 


119.3 


C4 — C5 — Co 


1 19.1 (4) 


/^/i /^c rjc 
C4 — Co tit) 


1 OA A 

120.4 


r^£. r^c TTc 

Co — C5 — ^H5 


1 A 

120.4 


C5 — C6 — Cl 


118.5 (4) 


C5 — Co — C7 


134.3 (4) 


Cl — Co — C7 


1 AT 'I /T \ 

107.2 (3) 


C8 — C7 — C12 


1 1 A A /">\ 

119.0 (3) 


C8 — C7 — Co 


134.4 (3) 


C12 — C7 — Co 


1 A/T ^ /I \ 

106.6 (3) 


r^c\ r^o /~^n 

cy — Co — C7 


line /IX 

119.5 (3) 


r^c\ r^o TTO 

C9 — C8 — H8 


120.3 


f"^ —7 /^O TTO 

C7 — C8 — H8 


120.3 


C8 — C9 — CIO 


1 A £. i A\ 

120.6 (4) 


/-lo /~*fi xjn 

Co — cy — ^Hy 


119. / 


CIO — C9 — H9 


119.7 


Cll — CIO — C9 


121.5 (4) 


/^1A TT1A 

Cll — CIO — HIU 


1 1 A 

119. z 


cy — CIO — HIO 


119,z 


CIO — Cll — C12 


1 1 "7 A 

117.0 (3) 


/~^1A TT11 

CIO — Cll — ^Hll 


lzl.5 


/"ll'^ TT11 

C12 — Cll — ^Hll 


121.5 


Nl — Clz — Cll 


128.6 (3) 


Nl — C12 — C7 


1 AO A /I \ 

108.9 (3) 


Cll — C12 — C7 


122.4 (3) 


Nl— C13— C14 


110.1 (3) 


Nl— C13— H13A 


109.6 


C14 — C13 — HliA 


1 AA ZT 

109.6 


Nl — C13 — H13B 


1 AA 

109.6 


C14 — C13 — HUB 


109.6 


TT1TA TTITn 

H13A — C13 — H13B 


1 AO ^ 

108.2 


XT1 ^1 r^'^ r^i 
Nl — Cl — Cz — C3 


1 /9.1 (i) 


C6— Cl— C2— C3 


-0.1(5) 


Cl— C2— C3— C4 


-0.5 (5) 


C2— C3— C4— C5 


0.7 (6) 


C3— C4— C5— C6 


-0.2(5) 


C4— C5— C6— Cl 


-0.4 (5) 



C4— C5— C6— C7 -179.7 (3) 



XT'^ 1 A TT1 /I A 

N2 — C 1 4 — H 1 4 A 


109.8 


/-I -1 o 1/1 T T 1 /I A 

C13 — C14 — H14A 


109.8 


1 A TT1 >1T^ 

N2 — C14 — ^H14B 


1 AA O 

109.8 


C13 — C14 — ^H14B 


1 AA O 

109.8 


TT1 A A 1 /I TT1 /m 

H14A — C14 — H14B 


108.2 


N2 — C15 — C16 


122.8 (2) 


XT'^ 1 C /~1^A 

N2 — C15 — C20 


118.6 (2) 


1 y' 1 C /^'^ A 

C 1 6 — C 1 5 — C20 


118.6 (2) 


C17 — C16 — C15 


120.2 (2) 


/"^ 1 T 1 /' T T 1 

C17 — C16 — H16 


119.9 


/"'I/' TTI/T 

C15 — C16 — H16 


1 1 A A 

119.9 


C 1 6 — C 1 7 — C 1 8 


1 'I A 1 /"> \ 

120.1 (3) 


TTIT 

C16 — C17 — H17 


1 1 A A 

119.9 


C18 — C17 — H17 


119.9 


C17 — C18 — C19 


120.5 (3) 


C17 — C18 — S 


120.3 (2) 


1 A 1 O O 

C19 — C18 — S 


1 1 A A \ 

119.0 (2) 


C20 — C19 — C18 


119.5 (2) 


C20 — C19 — HI 9 


120.3 


C18 — C19 — H19 


120.3 


C19 — C20 — C15 


111 A \ 

121.0 (3) 


C19 — C20 — H20 


119.5 


C15 — C20 — H20 


119.5 


S — C21 — ^H21A 


109.5 


S — C21 — ^H21B 


1 AA C 

109.5 


H21A — C21 — H21B 


109.5 


y^ -^1 T T'^ 1 y^ 

S — C21 — H21C 


109.5 


TT-^ 1 A 1 TT^ 1 

H21A — C21 — H21C 


109.5 


H21B — C21 — H21C 


1 AA C 

109.5 


1 XT 1 1 

Cl — Nl — C12 


1 AO ^7 \ 

108.7 (3) 


1 XT 1 /"^ 1 O 

Cl — Nl — C13 


124.1 (3) 


C12 — Nl — C13 


IOC O /") \ 

125.8 (3) 


/"'I C XT'** r^A A 

C15 — N2 — C14 


\Z1A (1) 


y~1 1 ^ X T-^ TTIXT*^ 

C15 — N2 — H1N2 


115 (2) 


y~i 1/1 X T'^ T T 1 X 

C14 — ^N2 — H1N2 


118 (2) 


01— S— 02 


117.85 (15) 


01— S— C18 


109.12(14) 


02 — S — C18 


107.56 (13) 


Ol — S — C21 


1 A O 1 A / 1 /' \ 

108.10 (16) 


02 — S — C21 


1 AT A /I A\ 

107.20 (14) 


C18 — S — C21 


1 f\£: AH /I A\ 

106.46 (14) 


C20 — C15 — C16 — C17 


-2.3 (4) 


C 1 5 — C 1 0 — C 1 7 — C 1 8 


AC f A\ 

-0.5 (4) 


C16— C17— C18— C19 


2.8 (4) 


C16— C17— C18— S 


-172.1 (2) 


C17— C18— C19— C20 


-2.2 (4) 


S— C18— C19— C20 


172.7 (2) 


C18— C19— C20— C15 


-0.6 (4) 
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C2 — CI — Co — C5 


0.5 (4) 




N2— €15— €20— €19 




1 TO O /'^\ 

-178.3 (2) 


N 1 — CI — Co — C5 


—178.0 (3) 




€16— €15— €20— €19 


2.8 (4) 


C2 — CI — Co — C7 


1 OA A 

—180.0 (3) 




r"> PI TM1 PT) 

Lyl IN 1 L^IZ 




1 TA A 

—179.9 (3) 


Nl — CI — Co — C7 


0.7 (3) 




p/: PI ■NTI PT) 




—0.6 (3) 


r~*z r~*n r^o 

C5 — Co — C7 — Cs 


-0.7 (6) 




P9 PI Ml P1^ 




1 O A /CX 

12.9 (5) 


C 1 — Co — C7 — Co 


1 TA A /I \ 

179.9 (3) 




Cf\ PI Ml PTl 
1^0 IN i \^ 1 J 




—167.8 (3) 


C5 — Co — C7 — C12 


1 no o /TX 

178.8 (3) 




PI 1 PT) Ml PI 




1 no n /IS 

178.7 (3) 


Cl — Co — C7 — C12 


—0.6 (3) 




P7 PI 9 XT1 PI 




0.2 (3) 


C 1 2 — C7 — Co — C9 


—0.8 (5) 




PI 1 PI 9 Ml PI 




-14.3 (5) 


Co — C7 — Co — C9 


178.7 (4) 




P7 PI 9 XTl Pl^ 




167.2 (3) 


C7 — Co — C9 — C 1 0 


0.0 (5) 




pi4 pi-i TSJI PI 




77.2 (4) 


C 0 — L9 — C 1 0 — L 1 1 


0.3 (6) 




PI ZL PI ^ Ml PI 9 

1^ 1 J IN 1 IZ 




on o 

—87.8 (3) 


\Jy — C 1 U — C i 1 — C iz 


0.1 (5) 




p 1 £. 1 ^ M9 P 1 /I 




1 1 A / A\ 

—11.9 (4) 


LIU — Cll — L12 — Nl 


1 TA T /TX 

—179.2 (3) 




P20 C 1 5 ^N2 € 1 4 




169.2 (2) 


CIO — Cll — C12 — C7 


-0.9 (5) 




€13— €14— N2— €15 




178.3 (2) 


PS P7 PI? Ml 


1 7Q Q (X\ 




€17— €18— S— Ol 




LKJ.y \J ) 


C6— 07— €12— Nl 


0.2 (3) 




€19— €18— S— Ol 




-164.0(2) 


08— 07— €12— Cll 


1.2 (5) 




€17— €18— S— 02 




139.8 (2) 


€6— €7— €12— Cll 


-178.4 (3) 




€19— €18— S— 02 




-35.1 (2) 


Nl— €13— €14— N2 


-177.6 (2) 




€17— €18— S— €21 




-105.5 (2) 


N2— €15— €16— €17 


178.8 (3) 




€19— €18— S— €21 




79.5 (2) 


Hydrogen-bond geometry (A, ") 


D—i\-A 




D II 


II--vl 


D---yi 


D II-vl 


m—mm-OT 




0.88 (4) 


2.16(4) 


3.012 (3) 


164 (3) 


€21— H21fi-01" 




0.98 


2.31 


3.281 (4) 


171 



Symmetry codes: (i) -x, z+1/2; (ii) x, y, z+1. 
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